TRANSMISSION SYSTEM
EARTHQUAKE READINESS

s




HIGH VOLTAGE SUBSTATIONS
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RISK REDUCTION SOLUTIONS

DETERMINE RISK
Identify And Quantify Potential Losses

l

Design Strategies
i

} }

Reduce Reduce
Hazard Vulnerability

I: usiness Strategies

Accept Risks

Response Strategies

|
Response plan

and Materials
|

Emergency
Operation Centers

Evaluate and Select Optimal Combination of Strategies
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1835 Concepcidn
1868 Arica

1906 Valparaiso
1922 Vallenar
1943 Coquimbo
1960 Valdivia
1985 Santiago
1995 Antofagasta

2010 Maule
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TSUNAMI VULNERABILITY
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YSTEM EARTHQUAKE (Extreme Event)
ISK ASSESSMENT

System Earthquaks Risk Assessment

SERA VYersion 7.2.2.1

Licensed to Bonnewville Power Administration
Copyuright GEE Engineering Systems Inc. 1991

-System Inventory
-Component Fragility
-Scenario Earthquakes
-SERA Results

 Originally developed for Southern California Edison (SCE), 1990
« Used to evaluate the San Francisco BART system



SERA MODEL
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TRANSFORMER VULNERABILITIES
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One Line

SUBSTATION

CONTROL 1

SERA v.8.0.2.0
SCHEMATIC DIAGRAMS
Substation: Raver
Coordinates (ft): East: 177858S. North: 2345632
IDs for CIRCUITS and POSITIONS
ID nRec Volt Name
01 016 000 CONTROL
02 006 S00 RAVE-COVI-1
03 006 S00 RAVE-COVI-2
04 015 S00 B SO00
0S5 011 S00 RAVE-ECOL-1
06 007 S00 RAVE-PAUL-1
023 S00 CsS00
006 S00 R S00O
010 S00 SHUL-RAVE-1
008 S00 RAVET-SHEC-1
011 S00 SHUL-RAVE-3
011 S00 SHUL-RAVE-4
012 S00 TACO-RAVE-1

POSITION OR CIRCUIT DAMAGE
Any Items Non-Func.
Medlian Response

90% to 100%

S0% to 90%

20% to S50%

5% to 20%

0% to 5%

One Line Diagrams
GRAPHICAL DAMAGE DATA

_T-LINES




FUNCTIONAL FAILURE

Distribution
Substations

N

Main Grid
Substations

Generation



Seismic Mitigation
« BUIIDLINGS







SUBSTATION SEISMIC MITIGATION PROGRAM




SUBSTATION SEISMIC MITIGATION PROGRAM

Earthquake Damage
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SUBSTATION SEISMIC MITIGATION PROGRAM

FIELD RETRO-FIT
INSTALLATION OF A
RING SPRING FRICTION

DAMPER




Seismic Vulnerability of High Voltage Power
Transformers (460kV) and Base Isolation Options




TRANSMISSION TOWER SEISMIC MITIGATION PROGRAM

¢ Eeene

COLUMBIARIVER WILLAMETTE RIVER




4 IEEE

IEEE Recommended Practice for
Seismic Design of Substations

IEEE Power Engineering Society

Sponsored by the
Substations Committee

IEEE IEEE Std 693™-2005

3 Park Avenue =
New York, NY 10016-5997, USA (Revision of |IEEE Std 693-1997)

8 May 2006
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IES RS IR

« Contemporary complex
infrastructure systems

Essential for modern society
function

Large scale and high
exposure systems

Reached accelerated phase
of aging and deterioration

More interdependent for
optimized operation

Leonardo Duefas-Osorio

Dstributon  Distribution Custcmens
ranamission s bstation  feeders ,?“S_va

34 5138 kW 4. 16-34.5 KV



Robustness — Inherent strength

RESILIENCY 4 R’s | Redundancy — Alternate options

Resourcefulness — Mobilize Resources
Rapidity — Recovery Time

MITIGATION
EFFORT

RECOVERY
TIME

POST-HAZARD LEVEL

P e — - -

ATIME

----- — PRE-HAZARD LEVEL

Resilience Index = Area of Triangle

DAMAGE LEVEL

SYSTEM DESIGN LEVEL

TIME

NATURAL HAZARD EVENT



The Oregon Resilience Plan

Reducing Risk and Improving Recovery
for the Next Cascadia Earthquake and Tsunami

NIST Special Publication 1190 NIST Special Publication 1190

Community Resilience Planning Guide Community Resilience Planning Guide
for Buildings and Infrastructure for Buildings and Infrastructure
Systems Systems

Volume | Volume Il

This publication is available free of charge from:
This publication is available free of charge from htipfidx ol org/10.602BIST SP1190v2

hitp://dx.doi.org/10.8028/NIST.5P.1190v2

Community
C¢:sm|"|!'|:;!:||Iitlz'm:c Resilience

NIST

National Institute of
Standards and Technology
U.S. Deportment of Commerce




Oregon Resilience Plan
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THE CENTER FOR RISK-BASED COMMUNITY
RESILIENCE PLANNING

ANIST-FUNDED CENTER OF EXCELLENCE

University Partners:
Colorado State University Rice University

Cal Poly Pomona e Univer. of South Alabama
University of Illinois
University of Oklahoma
Oregon State University

=l Texas A&M University
o Texas A&M Kingsville
University of Washington

Scope:

Identify the key components and attributes within communities that make
then resilient to hazards, develop the NIST Community Resilience
Modeling Environment (NIST-CORE) to support risk-informed resilience
decisions. (Infrastructure independence, response, and recovery)






